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We have recently considered the equation of s t a t e ,  the  cohesiT- 

energy density and the Un i t ing  internal  y e s s u r e  a t  atmospheric ?ressure 

for  oligomer and polyiuer l iquids  i n  t e r m  of c e l l  theory and i n  re la t ion  

t o  the  principle of corres2onding s ta tes  . i2 

// 

Experimental isotherms et elevated pressures are  well described3 ,4 

by the  erqir icsf  Tait  equation, viz.: 

1 - v/Vo = Cln (1 + p/d) (1) 

where VO represents the i n i t i a l  volme at p = 1 bar =O. -l?Flication of eq. 

(1) t o  hydrocarbons of varyinz molecular structures and weights i n  the lu- 

br icat ing ran;;e4 indicates t h a t  t he  parameter B i s  a function of temDerature 

and depends on the specif ic  system. The 3arameter C,  on the other hand, has 

a universal value of 0.08936 fo r  a l l  t he  hydrocarbons i n v e s t i g ~ t e d , ~  inde- 

I pendent of s t ructure  o r  temperature. 

Some years wo, Siriha and :!addens showed t ha t  the c e l l  theory i n  the 

formulation of Prigogine e t  al.6 leads t o  an approximatel.r constant value of 

C, whereas 9 should be related t o  the cohesive e n e r g  d-ensity. Xovever, they 

used several  expansions i n  respect t o  chainlength an2 volume r a t i o  and found 

Cz */4 which is too large. The puryose of t h i s  note i s  t o  c lar i*  the rela- 

t i on  between the Tait  parameters and t he  theoret ical  equation of s ta te .  !!e 
L 

s h a l l  make use of the squsre .?ell ay,roximation t o  the c e l l  potential .  

turns  out t h a t  both the constancy and t he  numerical value of C are accounted 

for  qui te  w e l l  by the  theory. 

It 

From eq. (1) there follotrs: 
2 2 2 2  2 voc = -(ap/av),/(a ?/av 3 = (ap/av),/(a > /V I  IT -p 
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provided the principle of correspondine s t a t e s  is  val id  at  f i n i t e  pressure, 

eq. ( 2 )  can be cas t  i n  the reduced Form: 

The reduced variables and the ratio qzc*/V* are defined es ,reviously. 

Thus C aust  be a universal function of the  reduced variables, whereas B, a 

character is t ic  pressure quantity, is specif ic  for  the system. 

behavior of C and 3 can be analyzed by d i rec t  reference t o  the equation of 

s ta te .  

The actual 

2 
Vith eq. (2a) it yields f o r  % + 0 :  

B/c = (2l l6 .3)- l?  $'1/3x'2+ 2$'2(4.044?'2 -2.409) 
% % 

Here X = (1- 2'1'6 V-"I3) cnd 11 and T are connected by eq, ( 3 ) ,  re f  . 2. 

Fig. 1 shows C and 13 as a function of V 07 ?. 
0.104 > C 0,090 for 0.042 < ? 0.123. This encompasses a considerably 

wider tem9erature ranre than t h e  exTerimenta1 range over which eq. (1) vas 

t e s t e d O 4  

Fared with the  experimental 8 fo r  n-pentadecane. 

scale  factor qzc*/V* was chosen t o  give an exact f i t  for  the experimental B 

at  44.2'C (5 = 1.150) viz. 48'18 

the cohesive enerEy densitv. 

% 'L 
We note that 

- - -  
'L 

The theoret ical  B - function i s  a lso ?lotted i n  Ti? .  1 and con- 

"3e numerical value of the 
% 

bar, as compared with 4692 derived from 

A reasonable representation of the B-function 

thus resu l t s  f ror . the  theory. :!e note, moreover, from t h e  figure tha t  the 

l imit ing cmyress ib i l i ty  C/3 is about 107 hizher than i s  observed fo r  n-C15 

i n  t h e  region of val id i ty  of tlie theory, ~<1.2 i ) .2  
% 

Similar cornprisons of the Ta i t  Farmeters at elevated pressures could 

be carr ied out. This vould be equivalent t o  a coclparison of exnerimental and 

theore t ica l  isotherms a t  elevated pressures. Such a comparison w a s  actually 
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0 
made fo r  n-nentadecane and n-octadecane below 100 C,  the refion i n  which 

sim5le c e l l  theory i s  ap7licable t o  these coapounds.* A sat isfactory 

regresentation of the exaerizental  data up t o  about TOO bars i s  possible. 

Rovever t h e  numerical value of the Fressure Tarameter a_ze*/V required is 

&bout 1.67 higher than tha t  derived above from the temperature de-:wndcnce 

of 3. A variation of the  parameters i n  the  in t e rwe ta t ion  of different  

gro?erties 3v means of an approximate theory is t o  be ex?ected. Fo:iever, 

a f u l l e r  discussion of t he  equation of s t a t e  at elevated pressures i s  pre- 

ferably postgoned, u n t i l  a better renresentation of internal  ?ressure 

comress ib i l i t y  at low ?ressures is achieved. 

and 

2 
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Le.:end f o r  Fi 7ure 
Fig. 1. Variation of T a i t  paramters  with reduced volume o r  temFerature a t  

atmospheric pressure. Dashed l i n e  C, exaerimental. A %x?erimental 

3 fo r  n- C15,  t e q e r a t u r e  ran,?e 38 - 120 C. 
fb 0 

3ars indicate h ish  

temnerature limit of tl:leory. 2 



1 
I 

I 
I 

0.
41

 

0.
37

 

0.
32

 

0.
2s

 
r
v
 B
 0.

25
 

0.
21

 

0
. I

7 

0.
1 3

 

0.
09

 

0
.0

 5 
I
 
-
I
-
 

~ 
"
-
I
 

1.2
5 

1.
00

 
1.

05
 

1. I
O

 
1.1

5 
1.

20
 

0.
12

 

0.
08
 C 

0.
04

 

0.
00

 
". 


